Approximately 33 states have legislation to establish universal newborn hearing screening programs and 10 additional states have hospitals which have voluntarily established newborn hearing screening programs (at the level of 75% of their birthing population or greater). Although research conducted at the University of Colorado has consistently shown positive effects of early identification/intervention of hearing loss on language development 1, 2 and speech, 3 there have been questions about the efficacy of universal newborn hearing screening programs. Do they result in earlier identification/intervention of hearing loss and better language and speech development?
The Colorado Newborn Hearing Screening Program (CNHSP) was initially a 5-year plan from 1992 to 1996. By 1997, 26 of the 36 birthing hospitals in the state, accounting for 60% of the births in Colorado, were participating. 4, 5 The purpose of this study is to compare developmental measures for children born in Colorado hospitals with universal newborn hearing screening programs to those of children born in other Colorado hospitals which did not have universal newborn hearing screening programs.
METHODS
Children were categorized in treatment groups as follows.
Screened: Any child born in a hospital with a universal newborn hearing screening program in effect at the time of the birth of the child, whether or not screening of the infant's hearing ever occurred.
Not screened: Any child born in a hospital without a universal newborn hearing screening program in effect at the time of the birth of the child, whether or not the infant's hearing was tested through another program.
Probably screened: Parents reported on the initial demographics that the child was screened but the CNHSP had no information or had incomplete information on the screening of this child, because birthing hospitals initially reported aggregate data (number of babies screened) rather than individual child data.
Probably not screened: Parents reported on the initial demographics that the child was not tested at birth and/or was not screened in a universal screening program, but the CNHSP had no information or had incomplete information on the testing of this child.
OBJECTIVE:
To compare the speech and language development of children with bilateral hearing loss and normal cognition who were born in hospitals with universal newborn hearing screening to that of their peers who were born in hospitals without this screening program.
STUDY DESIGN:
Subjects for the major analyses are 50 Colorado children ( 25 matched pairs ) from 9 to 61 months old who are participants in a study of the development of children birth to six with bilateral hearing loss. Analyses included parametric dependent t -tests and analysis of covariance, nonparametric -squared and Wilcoxon signed rank tests, descriptive statistics and odds ratios.
RESULTS:
Newborn screening programs for hearing loss are positively related to scores in expressive and receptive language ( p < 0.001 ) and vocabulary production ( p < 0.001 ) on standardized inventories; speech intelligibility ( p = 0.015 ) from independent ratings; number of different simple consonants ( p < 0.01 ) and consonant blends ( p = 0.026 ) from phonological transcripts; and total number of intelligible words ( p < 0.01 ) and number of different words produced ( p < 0.01 ) from computer analysis of videotaped language samples.
CONCLUSION:
Hospital -based newborn hearing screening programs are positively related to language and speech performance for children in early intervention programs who are deaf and hard of hearing. Journal of Perinatology 2000; 20:S131 ± S136.
Infant Hearing Impairment and Universal Hearing Screening
Due to the small number of children in the``screened'' group (N=25), and the wide range of chronological age (9 to 61 months), category of hearing loss (mild to profound) and cognition (quotients of 75 to 132), a matched-pair design was selected to compare the language and speech scores of screened children to those in the``not screened'' group. The variables on which the pairs were matched were selected for their large contribution to variability in language and/or speech outcomes in the previous studies of the effects of early identification. 1 ± 3 Using a file with only the group (screened or not screened), identification number of child, and the three matching variables, the pairs were obtained using systematic selection procedures to obtain the closest match.
All of the children had bilateral hearing loss and their parents had normal hearing. The degree of the hearing loss (based on the pure tone average in the better ear, the BPTA) was categorized as mild (26 to 40 dB HL), moderate (41 to 55 dB HL), moderate to severe (56 to 70 dB HL), severe (71 to 90 dB HL), or profound ( >90 dB HL).
The cognitive quotient was derived from the scores on two nonverbal cognitive scales on the Minnesota Child Development Inventory (MCDI). 6 The average of the Situation Comprehension and Self Help age scores was divided by the chronological age, then multiplied by 100 to obtain the cognitive quotient score (CQ). The mean CQ was 97.1 (SD=14.5) for the children who had been screened and 98.9 (SD=17.4) for the children who had not been screened at birth. A paired-sample t-test showed no significant difference in cognition (p=0.23).
Additional demographic characteristics of the screened and not screened groups are presented in Table 1 . These measures did not significantly effect outcomes in previous studies after the data had been controlled for the three variables used in this study in the selection of pairs. 1 ± 3 Yoshinaga-Itano et al. 2 found that the critical age for identification of hearing loss was 6 months. Those children identified by 6 months had much higher language scores than their peers who were identified after 6 months. Eighty-four percent of the screened group and 16% of the not screened group were identified by 6 months of age.
The series of research investigations have been approved by the University of Colorado-Board Human Subjects Review Board, which includes a review of participant informed consent procedures.
ASSESSMENT TOOLS Minnesota Child Development Inventory
The MCDI is a standardized instrument that assesses the development of children from 6 months to 6-1/2 years of age. It has eight scales that evaluate different areas of development. In this study two of these scales, Expressive Language and Comprehension±Conceptual (Receptive Language), were outcome measures. Parents complete the MCDI by showing which of the listed behaviors they have observed in their child. There are extensive data supporting the concurrent and predictive validity of this measure with children who have special needs. 6 MacArthur Communicative Development Inventory (CDI) Children in most of the pairs in this study were measured on either the Words and Gestures (level 1) or the Words and Sentences (level 2) forms of the CDI. These two forms share a scale of expressive vocabulary; the 396 vocabulary items in level 1 are a subset of the 680 items in level 2. Like the MCDI, the CDI is a parent report and many studies confirm that it is both reliable and valid. 7 The measure in this study is the number of different vocabulary words produced by the child with either spoken and/or sign language.
Videotape of 25-Minute Parent/Child Interaction
The project staff prepares both a regular conversational transcription (oral and sign) and a phonological transcription of the child's communicative behaviors. Measures from computer analyses of these transcriptions used in this study include total number of words produced, number of different words produced, 
RESULTS

MCDI
To examine the participants' language abilities, language quotients (LQs) were derived for each child. These were calculated by dividing the child's age score on each MCDI subtest by their chronological age and then multiplying by 100. A total LQ was also obtained for each participant by averaging his/her receptive and expressive LQ scores. Children without significant cognitive delays who were in the screened group scored significantly higher LQs than those children who were in the not screened group. This effect was found for expressive language (t[24] =5.53, p<0.001), receptive language (t[24] =4.21, p<0.001) and total language ( t[24] =5.39, p<0.001). Children in the screened group had mean quotient scores of LQs of 82.9 (SE=3.7) for expressive language, 81.5 (SE=3.7) for receptive language and 82.2 (SE=3.3) for total language. In contrast, the not screened group had mean LQs of 62.1 (SE=4.3) for expressive language, 66.8 (SE=4.0) for receptive language and 64.4 (SE=3.9) for total language.
These results are similar to those found by Yoshinaga-Itano et al. 2 when comparing identification by 6 months with identification after 6 months for their sample with normal cognition. In that study, however, the cutoff point for cognition was 80 rather than 70. Their means, therefore, were correspondingly higher for each group.
Discrepancy quotient scores were computed to determine how the children, on average, were doing in language relative to their cognitive ability. The discrepancy score for each child is their CQ minus their total LQ. A high discrepancy score means a large lag in language compared to their cognitive ability. The screened group (M=14.8) had a significantly lower discrepancy quotient (t[24] =6.74, p<0.001) than the not screened group (M=34.5).
The LQ for total language was collapsed into three categories used by Ireton and Thwing 6 for the interpretation of the results on the MCDI. The three categories of language development are normal (LQ!80), low or borderline normal (70 LQ<79), and delayed (LQ<70). The children in each of the screening groups were compared for proportions of children in each of the three categories. Seventeen children (68%) in the not screened group had delays, whereas only six (24%) in the screened group were in this category. Fifty-six percent of the screened group had LQ!80, whereas only 24% of the not screened group were in this category.
The data were collapsed into 2Â2 contingency tables in two different analyses. First, the group with LQ!80 was compared to all others (LQ<80). In the second analysis, the LQ!80 only with those with language delay (LQ<70). Estimated risk estimates were calculated for each of the two comparisons. In both designs, those in the screened group are more than twice as likely to have language in the normal range when compared to their peers born in hospitals without a screening program (estimates=2.33 and 2.68, respectively). The 95% confidence intervals [ (1.07, 5.09) and (1.27, 5.65) ] show these estimates to be statistically significant (p<0.05).
CDI
Both children in 19 of the pairs had results for the expressive vocabulary measure from the CDI. For 18 of these pairs, the child in the screened group had a larger expressive vocabulary when compared to their match. For the remaining pair, the number of words produced (three) was equal for the two children. The distributions of expressive vocabulary scores were very different for the two screening groups; in fact, a child at the 75th percentile of the not screened group had fewer words than a child at the 25th percentile of the screened group. A highly significant difference in the two distributions was found using the nonparametric Wilcoxon signed ranks test (Z=3.72, p<0.001).
Videotape Analysis
Both speech and language outcomes were obtained from analyses of the videotaped interactions.
Speech. The tape for a child in the oldest age category of the screened group was not useable for analysis. Twenty-four pairs were available for the study of number of types of consonants in the child's utterances. Children in the screened group had significantly more consonant types than those children who were in the not screened group (t[23] =2.99, p<0.01). Children in the screened group had, on average, 13.3 types of consonants (SE=1.5). Children in the not screened group had, on average, 9.4 types of consonants (SE=1.2). The 25th, 50th, and 75th percentiles for consonant types are, 7.5, 12.0, and 19.0, respectively, for the screened group and 5.0, 7.5, and 12.75, for the not screened group. These phonology results are similar to those in the studies of the effects of age of identification; 3 they had significant effects for consonants.
Because initial and final consonant blends begin to appear at about 2 years, the eight pairs in the three youngest age categories have been excluded from this analysis. Sixteen pairs of children over 23 months were included in the nonparametric analysis for total number of types of consonant blends. The 25th, 50th, and 75th percentiles for number of blend types are, 0, 4.5, and 8.8, respectively, for the screened group. In the not screened group, no blends are seen at the 25th and 50th percentiles and the 75th percentile is only 0.8. A highly significant difference in the two distributions of total number of types of blends was found using the Wilcoxon signed ranks test (Z=2.23, p=0.026).
Twenty-one pairs were included in the nonparametric analysis of the speech intelligibility ratings. For 19 of these pairs, the child in the screened group was given a higher or the same intelligibility rating when compared to their match. For both groups, the 25th percentile was``always/almost always unintelligible''. In the not screened group, the 50th percentile was still at``always/almost always unintelligible'' whereas the 50th percentile rating for the screened group had improved to``speech is very hard to understand.'' In the not screened group, the 75th percentile had improved to``speech is very hard to understand'' whereas the 75th percentile rating for the screened group had jumped to``always/ almost always understand but I need to listen carefully.'' A highly significant difference in the two distributions of speech intelligibility ratings was found using the Wilcoxon signed ranks test (Z=2.43, p=0.015).
Language. Additional outcomes obtained from the computer analysis of the videotape data were total number of intelligible words (oral and sign)and number of different words (oral and sign).
Twenty-two pairs of children were included in the nonparametric test for total number of intelligible words produced by the child during the videotape interaction. A highly significant difference in the two distributions of total number of intelligible words produced by the child on the videotape was found using the Wilcoxon signed ranks test (Z=2.86, p=0.004).
Twenty-three pairs of children were included in the nonparametric test for number of different words produced by the child during the videotape interaction. A highly significant difference in the two distributions of number of different words produced by the child on the videotape was found using the Wilcoxon signed ranks test (Z=2.97, p=0.003).
RESULTS FOR THE COMPARISON SAMPLES
The demographic information for the``probably screened'' (N=29) and``probably not screened'' (N=52) are summarized in Table 2 . Sample selection was based on the same criteria as in the first study except that the birth hospital was unknown to our research staff and information from the Colorado Newborn Hearing Screening Project was missing or incomplete. Additionally, the probably not screened group includes some children who were screened at birth and, hence, identified before 6 months due to the Risk Registry or NICU testing programs.
The four groups could not be compared in a single analysis of variance because the groups discussed earlier were dependent matched pairs whereas the other two are independent groups. Independent t-tests were used to compare demographics and MCDI language outcomes of the screened and probably screened groups. Using the independent t-tests, the not screened groups was compared to the probably not screened group.
Comparison of Screened and Probably Screened Groups
The screened group did not differ significantly from the probably screened group in education of the child's mother (p=0.46), degree of hearing loss (p=0.85), mode of communication used by family (p=0.73), ethnicity of child (p=0.42) gender of child (p=0.63), age of child at confirmation of hearing loss (p=0.22), age of child at time of testing (p=0.21), or cognitive ability (p=0.50). The screened group did not differ significantly from the probably screened group on the MCDI expressive, receptive or total language quotient scores (p=0.67, p=0.37, and p=0.80, respectively). Children in the probably screened group had mean quotient scores of 81.8 (SE=3.9) for expressive language, 86.0 (SE=4.0) for receptive language and 83.9 (SE=3.7) for total language.
Comparison of Not Screened and Probably Not Screened Groups
The screened group did not differ significantly from the probably screened group in education of the child's mother (p=0.30), degree of hearing loss (p=0.30), mode of communication used by family (p=0.74), ethnicity of child (p=0.22), gender of child (p=0.26), age of child at confirmation of hearing loss (p=0.26), age of child at time of testing (p=0.20), or cognitive ability (p=0.54).
The not screened group did not differ significantly from the probably not screened group on the MCDI expressive, receptive or total language quotient scores (p=0.20, p=0.25, and p=0.20, respectively). Children in the probably not screened group had mean quotient scores of 68.2 (SE=2.6) for expressive language, 72.8 (SE=3.0) for receptive language, and 70.5 (SE=2.6) for total language.
Because universal newborn hearing screening did not begin in Colorado until 1992, the MCDI results for the not screened group were also compared to those for the probably not screened group and a``born before 1992'' group in an analysis of risk estimates.
Risk Estimates
Combining screened with probably screened and not screened with probably not screened groups. The screened group was combined with the probably screened group and the not screened was combined with the probably not screened group in a repeat of the two risk analyses that were described earlier.
The data were collapsed into 2Â2 contingency tables in two different analyses. First, the group with LQ!80 was compared to all others (LQ<80). In the second analysis, the LQ!80 only with those with language delay (LQ<70). Estimated risk estimates were calculated for each of the two comparisons. In both designs, as shown in Table 3 , those in the screened group are more than two and one half times as likely to have language in the normal range when compared to their peers born in hospitals without a screening program (risk estimates=2.54 for each of the analyses). The 95 percent confidence intervals [ (1.60, 4.02) and (1.66, 3.91) ] show these estimates to be statistically significant (p<0.05).
Adding the born before 1992 group to the not screened group. The screened group was combined with the probably screened group and the not screened was combined with the probably not screened group and with the group of children born before 1992 (when screening programs were initiated in two hospitals in Colorado) for a repeat of preceding analyses. Even though the group of children born before 1992 includes those who were early identified due to NICU or Risk Registry testing programs, the difference in distribution across language groups is still large.
The data were collapsed into 2Â2 contingency tables in two different analyses. First, the group with LQ!80 was compared to all others (LQ<80), and in the second analysis, the group with LQ!80 only with those with language delay (LQ<70). Estimated risk estimates were calculated for each of the two comparisons. In both designs, as shown in Table 4 , those in the screened group are more than twice as likely to have language in the normal range when compared to their peers born in hospitals without a screening program (estimates=2.10 and 2.12, respectively). The 95% Language results for children with cognitive quotients at least 80. The results for the five groups are compared when the cognitive cutoff score is increased to 80. This is the cutoff used in the previous research on effects of age of identification 2 and children with low to borderline cognitive skills are excluded from the analysis summarized in Table 5 . More than four of every five children in the screened and probably screened groups showed language skills in the normal range whereas the majority of the children in the other three groups had language delays.
Summary. Children born in hospitals with a universal newborn screening program for hearing loss performed much better than their peers who were born in hospitals that did not have the screening program on parent reports of expressive language, receptive language, and expressive vocabulary; and on measures obtained from videotapes of the child interacting with their caregiver (total number of words produced and number of different words produced). The children in the screened group also did significantly better than their not screened peers in speech measures of number of consonant types, number of initial consonant blends, and intelligibility.
DISCUSSION
This study demonstrated that through hospital-based newborn hearing screening programs infants may be identified in a timely manner to allow for very early intervention and amplification, and for improved outcomes in speech and language for children who are deaf and hard of hearing. The Colorado Newborn Hearing Screening Program has demonstrated that infants who are identified late were typically born in hospitals that did not provide screening before hospital discharge. 8 In this study, four children who were born in hospitals with a universal newborn hearing screening program were late identified. One hospital chose not to screen on the weekends due to inadequate staffing; as a result, an infant was missed and was eventually identified with a bilateral hearing loss. Parents of the second infant opted to refuse any screening procedure. For the third infant, the physician did not recommend follow-up tests until after parental concern about delayed speech and language. For the fourth infant, the failure to identify hearing loss early appears to be due to inadequate audiological diagnostic test procedures.
A small percentage of infants who pass the newborn hearing screen will develop hearing loss in later months. Conditions that result in acquired hearing loss include cytomegalovirus, recessive genetic factors (Connexin 26), exposure to ototoxic medications, persistent pulmonary hypertension and the onset of childhood diseases such as meningitis. 9 Other barriers that affect timely follow-up from screening programs are funding and transportation. 
